To identify the long-term sexual health outcomes and relationships in men born with classic bladder exstrophy (CBE).
Introduction
Classic bladder exstrophy (CBE) is the most common variant of the exstrophy-epispadias complex and presents with congenital defects of the bladder, abdominal wall, pelvic floor and bony pelvis. It is estimated that the incidence of CBE is 2.2 cases per 100 000 live births, with a male-to-female ratio of 2.3:1 [1, 2] . The majority of patients undergo multiple, major reconstructive surgeries which can have significant impacts on not only their physical appearance, but their psychological and sexual well-being. As these patients mature into adulthood and develop relationships, sexual function and fertility become an increasingly important component of their day-to-day lives. Multiple factors can have detrimental effects on sexual function in boys/men with CBE, including short or abnormal size of the penis, disfiguring scarring of the lower abdominal wall or penis, retrograde ejaculation, or bothersome urinary incontinence.
With an increase in outcomes based research, information regarding transitional and adult urological outcomes in CBE is becoming more prevalent. Recently, there have been multiple, small series published discussing various long-term sexual outcomes in patients with CBE. Our goal was to evaluate relationships, sexual function and fertility in men with CBE across a broad spectrum of ages from a large, single-institution experience. of these were men aged ≥18 years who had undergone surgical reconstruction and who thereby met our inclusion criteria. Ethical approval was granted by the institutional review board. A 42-question survey was designed using a combination of previously validated questionnaires, including the Sexual Health Inventory for Men (SHIM), Penile Perception Score (PPS), and Male Sexual Health Questionnaire for assessing ejaculatory dysfunction (MSHQEjD Short Form) and bother (MSHQ-Bother), as well as additional questions focusing on fertility, libido, sexual satisfaction, education level and relationship status [3] [4] [5] . SHIM scores of ≥22 indicate no erectile dysfunction. The MSHQ-EjD Short Form sum scores range from 1 to 15, where lower scores indicate ejaculatory dysfunction, and the MSHQ-Bother score ranges from 0 to 5, with higher scores indicating being more bothered by ejaculatory difficulties.
Eligible patients were contacted up to three times using an institutional review board-approved telephone script and were offered three options by which to complete the survey: (1) a web-based questionnaire; (2) an electronic form sent via email; or (3) a paper form via postal mail. Reconstructive history and clinical details were obtained through patient medical record review and self-reported data. All statistical analyses were performed with Microsoft Excel 2013 and SPSS, version 23.0. Sub-group analyses were performed based on age groups (18- 
Results
Of the 215 patients with CBE who met the inclusion criteria, 113 (53%) completed the survey and were included in the study analysis. The mean age of respondents was 32 (10.9) years. At the time of survey completion, 59 respondents (52%) had undergone a continent urinary diversion. Seventy (62%) respondents reported currently being in a relationship, with 96 (85%) having engaged in sexual intercourse. Three respondents identified themselves as homosexual, and three identified as bisexual. In all, 74 respondents (65%) had a minimum of college level of education (Table 1) .
Sexual Function
Ninety-six (85%) of the respondents had been sexually active in their lifetime, with 46 (41%) reportedly having sexual intercourse ≥1 time per week (Fig. 1) . There was no significant difference between PPS or orgasmic function among groups based on sexual activity.
Seventy-nine respondents (70%) had high to very high confidence in their ability to obtain and maintain an erection, and 87 (77%) were confident they would have an erection sufficient for penetration the majority of the time. Of those respondents who were sexually active, 12 (13%) used an erectile aid, nine (9%) used oral phosphodiesterase-5 inhibitors, and one each used a penile ring, a vacuum assist device, and an implantable penile prosthesis.
Overall, the average SHIM score was 19.8 (5.5). Based on age (18-30 vs 31-40 vs > 41 years), mean SHIM scores were significantly different (P = 0.037; Table 2 ). Post hoc analysis showed that the difference between the youngest and oldest groups accounted for this significance (P = 0.029; Fig. 2 ) There was a significant difference in mean SHIM score between those having intercourse <1-2 times per month vs >1 time per week (18.2 [5.9] vs 22.0 [4.1]; P < 0.001). Of the latter subgroup of respondents, only three used an erectile aid, all in the form of oral phosphodiesterase-5 inhibitors. In terms of relationship status, there was no difference in mean SHIM score between those with a steady partner and those who were single (P = 0.186). Additionally, there was no significant difference in mean SHIM score between men with and without a continent urinary diversion (19.0 vs 20.8; P = 0.076).
In assessing ejaculatory function, the mean MHSQ-EjD score was 8.3 (3.5) and mean MSHQ-Bother score was 1.5 (1.5). There was no difference in mean MHSQ-EjD or MSHQBother scores based on relationship status or frequency of sexual intercourse. Similarly to SHIM scores, there was a significant difference in MHSQ-EjD scores between age groups 18-30 years and >41 years (P = 0.031; Fig. 2 ) Overall, 96 respondents (85%) reported they were able to produce ejaculate. Additionally, 106 respondents (94%) reported masturbating, with 59 (52%) reportedly masturbating at a frequency of at least six times per month.
Addressing penile sensation, 60 respondents (53%) noted they were not bothered by numbness or sensation, whereas 29 (26%) were moderately to extremely bothered. A similar number of respondents, 25 (22%), reported moderate to severe orgasmic dysfunction.
Using a four-point Likert scale, penile appearance was assessed via the PPS. Along with the PPS, two additional questions were asked regarding the length of the penis and angulation with erection (Table 3) . In all categories, the respondents were less than satisfied with the appearance of their penis, with length being their biggest concern. For this aspect, there was no difference in perception among the groups based on age, sexual activity, or relationship status.
Fertility
A total of 85 respondents (75%) reported fertility as being somewhat to very important. Despite this reported importance, only 32 (28%) had attempted to conceive with their partner. A total of 37 children were born to the 23 participants (19%) who achieved pregnancy with their partner, and 11 of these men (48%) required the use of assisted reproductive techniques (ARTs). When examining this subset of the population, one respondent reported immediately using ART, one did not report if he had attempted to conceive naturally, while the remaining nine respondents attempted to conceive naturally for a mean duration of 22 months before undergoing ART. Of the 12 respondents who conceived naturally, five were able to conceive more than one child, and four conceived without intention.
Regarding male infertility, 31 respondents (27%) reported having undergone semen analysis (Table 4 ). There was no significant difference in semen analysis results between respondents with and without a continent urinary diversion.
Discussion
With continued improvements in the modern surgical reconstruction of the exstrophy complex and the resultant low mortality rates, literature focusing on long-term outcomes is increasing. Patients can now have aspirations of living a normal adult life, and a major component of this is establishing relationships, sexuality, sexual function and fertility [6] . Three studies have been published in the literature within the past year specifically looking at sexual function in adulthood on those operated on for CBE. Suominen et al. [7] reported on 32 patients, 21 males and 11 females, from a single hospital in Finland over a 37-year period. Park et al. [8] conducted a multi-institutional analysis on 52 patients, 39 males and 13 females, in Germany. Finally, Rubenwolf et al. [9] reviewed the sexual function, social integration and paternity of 39 males with bladder exstrophy who had undergone continent urinary diversion [9] . One of the strengths of the present single-institution experience was the ability to assess such patient-reported outcomes within a large population with CBE managed in the United States. A total of 113 men responded, which is the largest singleinstitution published cohort to date.
Patients with CBE, once given a poor prognosis, are now able to live reasonably normal lives into adulthood. Based on the self-reported answers of the participants in the present study, men with CBE have a range of severe to no erectile dysfunction; however, 87 respondents (77%) reported confidence that their erection was sufficient for intercourse. This rate is slightly higher than that reported in 2007 by Selvin et al. [10] , which estimated an 18% prevalence of erectile dysfunction in men aged >20 years. As expected, sexual function declined with age, as demonstrated by lower mean SHIM and MSHQ-EjD scores in respondents aged ≥41 years. It is difficult, however, to make a direct comparison of the SHIM and MSHQ-EjD scores with population age-based norms because of the discrepancy between the age distribution in our relatively young cohort and that in the validation cohort and in other large population-based studies [3, 5, 11] . The difference noted in the present cohort with CBE, however, was not significant between consecutive age groups, suggesting a gradual decline in function or a delay in commencing sexual relations. Interestingly, respondents were 'a little' or 'not at all bothered' if ejaculatory dysfunction did occur. In terms of self-perception, however, respondents were dissatisfied overall with their penile appearance regardless of their sexual function or relationship status. Thus, sexual function and perception do not always go hand in hand. The majority of the respondents in the present study were able to form personal relationships, and a quarter of those trying to conceive were successful.
One of the striking initial findings from the present study, compared with a smaller study by Park et al. [8] , was the number of respondents who were in a committed relationship. A total of 70 of our respondents (62%) reported being in a steady relationship. Even if the definition of a committed relationship is restricted to marriage, our marriage rate of 32% is still significantly higher than their reported rate of 8% of men being in a committed relationship [8] . The present study included a greater quantity and proportion of people aged ≥31 years, which may have contributed to this substantial disparity in relationship status between the studies. Three of our 113 respondents were divorced, with one now in a steady new partnership. This is lower than the national average within the USA of 3.2 divorces and annulments per 100 married persons in 2014, as reported by the National Center for Health Statistics [12] . If data are available in the future, it will be interesting to evaluate whether or not these sexual function concerns affect a marriage's success.
Although 85 respondents (75%) reported attaching some degree of importance to fertility, only approximately a quarter had attempted to conceive with their partner, while another quarter reportedly underwent semen analysis. Among those who underwent semen analysis, full analysis results were not available for all respondents; however, we did note that a number of respondents who had recurrent bouts of epididymitis had leukospermia. The 43 respondents (38%) currently not in a relationship may not currently desire pregnancy, probably contributing to this disparity. Although not addressed in our questionnaire, Rubenwolf et al. [9] found that 31% of patients reported no desire to have children. Thus, there is still a proportion of patients with CBE who desire, yet have not attempted to achieve pregnancy or undergo an infertility evaluation. The literature is conflicting with regard to whether education, income and marital status are associated with infertility or seeking infertility treatment [13, 14] . Future studies should explore this issue further, as patients with CBE may find fertility important for reasons other than paternity.
Almost an equal number of respondents were able to conceive with their partner via natural methods vs ARTs: 12 vs 11, respectively. This places our overall paternity rate at 24% of sexually active participants, with 11% of the sexually active cohort using ARTs. This is in line with the literature on CBE, which places paternity rates at between 9% and 29% [9, [15] [16] [17] [18] . Interestingly, four respondents reported conceiving without intention, including one as an adolescent who then required ART to achieve conception as an adult, and one who reported an elective abortion for financial reasons. As with any male entering sexual maturity, counselling on safe sex practices and contraception should still be discussed with patients who have CBE if they are sexually active and do not desire pregnancy at that time.
One of the biggest challenges in conducting a study on longterm outcomes is the constant evolution of medical technology and surgical techniques. The average age of our respondents was 32 years. Within the past three decades there has been a large paradigm shift in the surgical management of CBE, which makes it difficult to assess what impacts, if any, surgery for CBE has on adult sexual function and therefore how to apply these data to those currently undergoing closure.
The present study has some limitations inherent to its design. The study was retrospective in nature, with a response rate of just over 50%, which is consistent with previously published studies [7, 9] . Although this was a single-institution study, the high-referral nature of this tertiary exstrophy centre provides a more varied patient population, minimizing selection bias. Despite recruiting the majority of participants, a large number of patients who met the inclusion criteria were unable to participate, could not be contacted, or did not complete the questionnaire. This can create a non-response bias and skew the data. Moving forward, collecting data in a prospective manner at the patient's follow-up visits would increase the response rate and provide real-time data that are in parallel with the patients' management course. In addition, the present study was based on previously validated questionnaires intended for the general public. As such, some of the questions may not be applicable to people with CBE or other congenital genital abnormalities. With the recent surge of sexual outcomes data in the literature on CBE, an appropriately designed questionnaire for assessing sexual dysfunction in patients with genital abnormalities may be possible through multi-institutional collaborations.
In conclusion, the present study, along with those recently published, highlights the growing emphasis and importance of examining sexual health outcomes in patients with CBE as adults and the potential impacts of sexual function and cosmesis on their well-being. As surgeons, when performing surgical correction on paediatric patients with CBE, we need not only focus on continence, cosmesis and preservation of renal function, but also on long-term sexual function. The present study shows that the challenges faced in these arenas by the CBE population are not unique to such patients, but rather are a more complicated subcomponent of those sexual and fertility issues faced by the general population. By further understanding these issues and their impact, we can better serve the needs of people with CBE within a multidisciplinary approach.
